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Abstract 
The aim of this study was to identify and describe macrospcopic and microscopic liver lesions in pigs necropsied at the forensic 
discipline during 2 years of study; assessing the hepatopathies prevalence, based on morphopathological criteria (circulatory 
disorders, dystrophic processes, inflammatory and tumor processes). The study was conducted in the period November 2012 - 90 
October 2014. It involved necropsies of 90 swine corpses, aged 3 weeks - 6 months, from intensive swine breeding systems, to 
elucidate the cause of death. After necropsy and thorough macroscopic examination of the liver and gall bladder samples were 
taken to carry out microscopic examination. 
Of the total of 90 necropsied pigs, 65 cases were diagnosed macroscopically and microscopically with hepatopathies (72.2%). In 
the pigs necropsied during the study the following were diagnosed, in decreasing order: dystrophic liver diseases (51.1%), 
inflammatory liver diseases (17.7%), circulatory liver diseases (2.2%) and liver necrosis (2.2 %). The most numerous dystrophic 
liver diseases were lipidic hepatosis followed by protidic hepatosis and pigmentation hepatosis .The inflammatory liver diseases 
were represented by the parenchymal hepatitis or acute toxic hepatitis, and fibrous purulent hepatitis. Inflammatory liver 
diseases, histologically affect all structures: hepatocytes, blood vessels, bile ducts and the fundamental substance- predominantly 
collagen. Tumor processes have not been identified because they do not have time to express morphologically due to the short 
economic life that this species has. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest. 
Keywords: morphopathologic; quantification; liver; swine hepatopathies 
 
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
371 A. Olariu-Jurca et al. /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  370 – 377 
1. Introduction 
The liver synthesizes numerous substances which are necessary for the structural and functional integrity of the 
cells and tissues. 
The hepatocytes are involved in every aspect of the sugar, lipid and protein metabolism. The gluconeogenesis 
phenomenon is significant for the hepatic cells. The liver is capable of synthetizing and storing lipids or of releasing 
the stocked fat. Unessential amino acids can be synthetized in hepatocytes and through transamination an amino 
acid is turned into another one. Through direct involvement in the metabolism, the liver ensures morphofunctional 
homeostasis of tissues and organs (Cullen et al. 2001; Kelly, 1993).  
The liver, due to its position as the central metabolism organ is the headquarters of numerous circulatory, 
degenerative, metabolic and inflammatory disorders, caused by various reasons (Olariu-Jurca et al. 2013; Thomson, 
2006). 
 A great number of toxic substances and toxins of the most various origins may cause alteration of the hepatic 
parenchyma, both through haematogenous spread and through gastrointestinal absorption (Olariu-Jurca, 2000; 
Olariu-Jurca et al, 2002).  
Malnutrition states, poor diets, deficit of specific enzymes, hypoxia (during hepatic stasis, anemia, shock), viral 
and bacterial infections, intra and extra hepatic biliary tract obstructions are all causes in the pathogenesis of hepatic 
diseases (Militaru et al, 2004; Pop et al, 2011). 
In the case of a prolonged and repeated action of various harmful biotic and abiotic factors the structure and 
functions of the liver are affected, producing various pathological processes. Thus, the liver is the headquarters of 
the majority of fundamental pathological processes - almost every type of dystrophy, circulation disorder or 
inflammation is represented in the liver and has macroscopic and microscopic reflection more or less prominent in 
the liver’s morphophysiology and thus the whole body (Ciobanu et al. 2009; Rosell, 2000; Slauson, 2002)  . 
2. Materials and Methods  
Research has been conducted throughout the period of November 2012-October 2014, by necropsying 90 swine 
corpses from intensive swine breeding systems, with the aim of elucidating the cause of death. The necropsy was 
done according to the specific swine technique. After having done the external and internal exam of the corpses, a 
macroscopic examination of the liver and gall bladder was done. 
The macroscopic exam aimed to record the modified structural particularities (shape, size, colour, aspect, 
lobulation, consistency and section exam) and the identification of the areas in the liver which showed lesions in 
order to take samples (tissue fragments of 2/1.5 cm) for a microscopic exam. We took samples from 65 swine 
corpses; we fixed them in formaldehyde 10% solution, for 24 hours. Then, they were shaped and reintroduced in a 
new formalin bath for a final fixation for 2 days. The fixed samples were passed through a dehydrating bath made of 
alcohol in rising concentrations from 70 degrees up to absolute alcohol. The samples were kept in each of the five 
baths, for 2 hours after which the alcohol was removed by introducing benzene in order to clarify the section. The 
samples were then introduced in a paraffin bath at a thermostat at 56°C. Through paraffining we obtained blocks 
that had samples 9 fragments) of organs with lesions, which were cut using a microtome, at 6 micrometres. The 
obtained sections were fixed on well-skimmed blades,with the help of Mayer albumin. 
The sections glued on the blades were stained using the trichrome method (HEA) for a whole examination and 
for noticing cellular details. The staining of the histopathological sections has been done following these steps: 
Solving of the paraffin using benzene; Rehydration using alcohol of different decreasing concentrations and water; 
Putting the blades in staining baths (hematoxylin, eosin, methylene blue); Removing the water using alcohol of 
various rising concentrations (70-90 degrees amylic alcohol); Assembling the stained sections between blade and 
slide; Labelling. 
The histopathological preparations were examined using an Olympus CX41 microscope (acquired through POS 
CCE, DICES-MVT 2669-145), with increasing objectives. They were then interpreted and microphotographed. 
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3. Results and Discussions  
External exam: the corpses were in mediocre towards good condition, there could be noticed a lack of elasticity 
in the skin, enophtalmos, anaemia and/or cyanosis of the apparent mucosa and skin. The fatty layer and the skeletal 
muscles were more or less developed, depending on age and condition (Figure 1). 
 
 
 
Figure 1. Swine corpse: eviscerated, internal examination. 
 
Internal exam: In 15 cases, we have noticed the presence of a serosanguinous liquid, in the chest cavity, in 
variable quantity (80-120 ml). On the internal face of the ribs, pleura and pericardial sack, dry, friable, grey-
yellowish deposits of fibrin were noticed in 18 cases- fibrinous polyserositis. 
Liver exam. The research regarding the hepatic lesions was systemized in four groups: circulatory 
hepatopathies, dystrophic hepatopathies, inflammatory hepatopathies and tumours (Table 1, Figure 2). 
 
Table. 1. The frequency of hepatopathies in necropsied pigs 
Cr 
No 
 
Necropsied 
pigs 
                                             Hepatopathies Total 
cazuri  
cu 
nefropatii 
 
% 
Circulatory Dystrophic       Necrotic                    Inflamatory Tumours 
Tot I Con E He Tot Lip Pro Pig Tot Cent Exo Pan Tot Al Exs P B M 
1 90  2 - 2 - - 46 36 8 2 2       2 - - 15 7 3 5 - - 65 67,4%
 
Legend: 
I = infarct  Pro = protein Al = alterative 
Con  = congestions  Pig = pigmentation Exs= exsudative 
E = edema   Cent = centrolobulary M = maligne 
He = haemorrhages Exo = exolobular B = benign 
Lip = lipid Pan = panlobular  
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Figure 2. Graphical representation of liver diseases in necropsied pigs  
 
In two cases, macroscopically, the liver was increased in volume and weight, the capsule was tense and the 
hepatic parenchyma was red-brownish at inspection, with a moist aspect and friable consistency. On section, the 
colour was identical to the one on surface, it expressed blood of a dark shade and the consistency was even more 
friable- passive hepatic congestion (stasis liver) (Figure 3.).  
Microscopically, we could highlight the congestion of the centrolobular vein, of the blood vessels in the 
perilobular spaces, of the portobiliary ones and ectasia of the sinusoid capillaries. In the lumen of the blood vessels, 
the erythrocytes were stuck to each other, intensely coloured and in several blood vessels, the blood formed a 
compact, homogenous red mass, without being able to identify individual erythrocytes- passive hepatic congestion 
(Figure 4.). 
We have noticed, macroscopically, in 12 cases the increase in volume of the liver, tense capsule and the 
parenchyma had a grey-yellowish levelled colour both at inspection and on section with a friable consistency-
panlobular hepatic steatosis (Figure 5.). Microscopically, one can notice optically empty vacuoles (Hipochrome) of 
different sizes and shapes in the cytoplasm of the hepatocytes. They are scattered throughout the hepatic lobules 
having affected the nucleus or not-panlobular hepatic steatosis (Figure 6.). 
In six corpses, we could macroscopically notice an enlargement of the liver, a tense capsule and round edges. 
The colour on section was yellowish of different shades, the lobular design was highlighted, the periphery was 
yellow and the centre was brown-reddish with a greasy-shiny aspect, leaving traces of fat on the knife’s blade. The 
consistency was friable on surface and on section-centrolobular hepatic steatosis. Microscopically, the hepatocytes 
in the vicinity of the centrolobular vein were hypertrophied and had a high number of vacuoles in their cytoplasm or 
a unique big vacuole which occupied the entire cytoplasm. The vacuoles were optically empty, without a structural 
membrane and caused position and functionality modifications of the nucleus. The lumen of the sinus capillaries 
was highly decreased in volume-centrolobular hepatic steatosis (Figure 7.). 
In 18 cases, macroscopically, the aspects and characteristics of the liver were similar to the centrolobular 
steatosis, excepting the lobular design. This was increased and enhanced (brown-reddish centre, yellow periphery)- 
exolobular hepatic steatosis. Microscopically we identified lesions similar to the centrolobular steatosis with the 
difference regarding the dystrophic process-it was placed at the periphery of the hepatic lobules (exolobular area) - 
perilobular (exolobular) hepatic steatosis (Figure 8.). In this dystrophy we can notice numerous hepatocytes that 
contain in their cytoplasm many optically empty vacuoles, which resulted from the dissolution of the lipids caused 
by benzene, toluene, xylene, which were used as solvents in the HEA staining method of the histological 
preparations which were included in paraffin. 
In all types of steatosis we can notice: hepatocytes with vacuoles that affect the nucleus- hepatic 
degenerescence, in the reversible phase, hepatocytes with vacuoles that produce serious alteration of the nuclei 
which become decreased in volume, with different shapes, hiperchrome and situated at the edge and in other hepatic 
cells, absent nucleus-hepatic degenerescence, irreversible phase (Figure 6.). 
Con
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These lesional aspects are installed when the steatosis factors act through the means of the general circulation: 
hypoxic states caused by various pneumopathies and or stasis liver, lack of choline and various toxics that have 
entered the blood (Olariu-Jurca et al. 2013; Slauson 2002). The hepatic steatosis or the fatty hepatosis has a 
favorable evolution when they stop in the reversible phase. The irreversible steatosis evolves with serious hepatic 
karyocitoplasmatic modifications that cause necrosis which is more or less spread in the hepatic parenchyma, 
depending on the aggressiveness of the steatogenous factors and on the organism’s endurance (Kelly, 1993; 
Thomson, 2006). Thus, we state that in 2 cases of panlobular hepatic steatosis, numerous hepatic lobules were 
identified showing hepatic necrosis areas. These areas were highlighted in the shape of achromatic focuses of 
different sizes and shapes, scattered in the entire lobule- hepatic necrosis (Figure 9.). 
In 8 cases, macroscopically the liver was increased in volume, with a grey, levelled colour, friable consistency, 
moist aspect, without lust, comparable to the aspect of boiled meat. On section the hepatic parenchyma presented a 
tendency to overgrow, the colour and the aspect being similar to the ones on the outside-protein hepatosis. 
Microscopically, the hepatic cells appear hypertrophied, with numerous fine grains in their cytoplasm represented by 
the swollen mitochondrias, hypertrophied as a result of serumalbumine storage and/or seroglobulin storage. These 
grains appeared red or blue using the trichrome staining method. The nuclei were sometimes intact and sometimes in 
different necrobiosis phase (cortical hyperchroming, karyopyknosis, karyorrhexis, chromatolysis, karyolysis- 
granular hepatosis (Figure 10.). 
In two cases, macroscopically, we noticed the increase in volume of the liver; the margins of the lobes were 
round, a yellow-greenish colour on inspection and friable consistency on section- liver jaundice. 
Microscopically, in the lumen of the sinus capillaries, hypertrophied Kupffer cells were highlighted. They 
presented in their cytoplasm yellow-greenish granulations of bilirubin. 
The nuclei of the Kupffer cells were camouflaged by the pigmentary granulations and the hepatocytes presented 
intracytoplasmatic vacuoles, as a consequence of hypoxia- hemolytic jaundice (Figure 11.). 
In seven cases, macroscopically, the liver was increased in volume, with a tense capsule and the parenchyma 
was of a yellow-brownish colour, similar to a dry autumn leaf. The consistency was friable both on section and on 
inspection. On section, the colour was similar to the one on the outside of the organ but the friability was increased-
parenchymal hepatitis. 
Microscopically, hepatocytes with cytoplasmic granulations were noticed, alongside necrobiosis and cytolysis, 
interstitial edema in the portobiliar spaces, ectasia of the sinus capillaries and interstitial cellular inflammatory 
infiltrations- parenchymal hepatitis (Figure 12.). These morphological changes have been observed and described by 
other authors (Kelly, 1993; Militaru et al., 2004). 
In three cases we have identified a purulent hepatitis, in focuses, consequence of the metastasis of the purulent 
cutaneous, foot or umbilical focuses (Ciobanu et al., 2009; Cullen et al., 2001; Pop et al., 2011). Macroscopically, 
on inspection and section we could highlight abscesses, nodular formations which present a white capsule that 
borders a cavity full of grey-white puss, semi-fluid and with a repulsive smell (Figure 13.). 
Microscopically, we noticed a focal area, puss made out of dead cells and leukocyte exudation, bordered by a 
perifocal fibrous reaction (the capsule of the abscess) (Figure 14.). 
In five cases, the liver was, macroscopically enlarged, with numerous grey white focuses on its surface, with a 
star shaped aspect, of various sizes and high consistency. The lobular design was obvious, similar to small rings or 
circles, with largely thickened walls, of white colour. The hepatic lobules are decreased in volume, with a red-
brownish colour in three of the cases and yellow-brownish in other 2 cases. The colour depended on dystrophic 
modifications that accompanied the fibrous proliferation. On section, we noticed the same colour and structural 
aspects: the lesions being set superficially, and on section we noticed a squeaky sound- fibrous interstitial hepatitis. 
Microscopically, we highlighted fibro-conjunctive interstitial hyperplasia and leukocyte, predominantly eosinophilic 
infiltrate (Figure 15.), hypertrophy of the hepatic lobules; ectasis of the sinus capillaries, intralobular fibrosis, 
cytoplasmic granulations. This inflammation is caused by non hepatophile parasites, ascaridae and cysticercus. 
The morphogenesis and lesional aspects of eosinophilic interstitial hepatitis observed and described by us 
correspond to those described in the consulted literature (Ciobanu et al., 2009; Militaru et al., 2004; Thomson, 
2006). 
In this paper, for the first time in our country, we performed a morphopathological quantification of  swine 
hepatopathies (hepatic pathology). The necropsied pigs came from the intensive farming system. 
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Figure 3. Swine liver - passive hepatic congestion, stasis liver. 
 
 
Figure 4. Passive hepatic congestion: the accumulation and stagnation 
of hypoxic blood in the centrilobular veins, perilobulare, portobiliare 
and sinusoidal capillaries. Col. HEA x4. 
 
Figure 5. Panlobular hepatic steatosis. 
 
Figure 6. Panlobular hepatic steatosis, irreversible phase: the 
accumulation and storage of lipids in the cytoplasm of hepatocytes 
with core damage. Col. HEA x40. 
 
Figure 7. Centrilobular hepatic steatosis: optically emty vacuoles, lipid 
storage location in paraffin technique around the centrilobular vein. 
Col. HEA x20 
Figure 8. Steatosis perilobular: lipid accumulation (optically emty 
vacuoles) in the cytoplasm of hepatocytes at the periphery of lobules. 
Col. HEA x10 
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Figure 9. Focal intralobular hepatocyte necrosis. Col. HEA x20. 
 
Figure 10. Granular hepatosis (turbid intumescence): fine granulations, 
basophils in the cytoplasm of hepatocytes. Col. HEA x40 
 
Figure 11. Haemolytic jaundice: bilirubin accumulation in Kupffer 
cells of sinusoidal capillaries. Col. HEA x40. 
 
Figure 12. Parenchymal hepatitis: granular degeneration of 
hepatocytes, sinusoidal capillary ectasia, edema and inflammatory cell 
infiltrate perilobular. Col. HEA x20 
 
Figure 13. Hepatitis aposteomatous: liver abscesses. 
 
Figure 14. Purulent hepatitis in outbreaks, or aposteomatous - abscess: 
abundant leukocyte and erythrocytes infiltration, delimited by a fibrous 
capsule. Col. HEA x10. 
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Figure 15. Fibrous interstitial hepatitis: fibro-conjunctive and eosinocitic hyperplasia intralobar and perilobar. Col. HEA x4. 
 
4. Conclusions  
Out of the 90 pigs necropsied 65 cases were diagnosed macroscopically and microscopically with liver hepatopathies 
(72.2%). 
In the pigs necropsied during the period of study the following were diagnosed, in decreasing order: dystrophic liver 
diseases (51.1%), inflammatory liver diseases (17.7%), circulatory liver disease (2.2%) and liver necrosis (2.2 %). The most 
numerous dystrophic liver diseases were lipidic hepatosis followed by protidic hepatosis and pigmentation hepatosis.
Inflammatory liver diseases are represented by the parenchymal hepatitis or acute toxic hepatitis, and fibrous purulent hepatitis. 
Inflammatory liver diseases, histological affect all structures: hepatocytes, blood vessels, bile ducts and the fundamental 
substance predominantly collagen. Tumor processes have not been identified because they do not have time to express 
morphologically thanks to the short economic life that this species has. 
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